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Introduction
Electrocardiographic changes which are frequently seen in athletes 

include LV hypertrophy on voltage criteria, sinus bradycardia, 
prolonged PR interval, mobitz type 1 atrioventricular heart block and 
repolarization changes.1,2 These changes may mimic cardiac disease. 
Assessment by echocardiography differentiates between an athletic 
heart and a pathologic heart. The aim of this study was to define the 
electrocardiographic and echocardiographic findings in football male 
players which could occur as a response to regular physical training.

Materials and methods
Study population

Sixty male football players were involved in this cross sectional 
study. Participants were recruited during pre-competition medical 
assessment in 2016 in Saudi Arabia. A twenty age and sex matched 
healthy participants were used as a control group. The study excluded 
athletes in whom any cardiac diseases were detected during screening. 
The study was approved by our institution’s local ethics committee. 
Written informed consent was obtained from all participants before 
their involvement. Standard 12-lead resting electrocardiography 
GE MAC 5500 HD electrocardiography machine was used to get 
a 12-lead resting ECG in the supine position. The paper speed was 
adjusted with speed of 25 mm/sec and a calibration of 10 mm/mv. 

Heart rate, cardiac axis, QRS voltage and duration, PR interval, QT 
interval, heart-rate‒corrected QT interval was calculated according 
to Bazett’s formula,3 ST segment and T wave were analyzed. ST-
segment elevation was defined as J-point elevation of at least 0.1 mV 
in 2 contiguous leads. LV hypertrophy was defined according to the 
Sokolow–Lyon voltage criteria4 and the Romhilt–Estes score, a score 
of ≥ 5 indicating LV hypertrophy.5

Two dimensional transthoracic echocardiogram

Two dimensional transthoracic echocardiogram was performed 
using a VIVID E9 echocardiogram (GE Healthcare, Chicago, USA) 
with a transducer of 3.5-mHz phased-array. The average of three 
heart beats was used. Standard M-mode measurements were recorded 
from parasternal and apical views. The LV ejection fraction (EF) was 
estimated using the biplane method of disks (modified Simpson’s 
rule) and the LV mass was calculated using the Deveraux formula.6 
The LV mass index was calculated by dividing LV mass by BSA. 
Increased LV mass was diagnosed with value more 115 g/m2. The 
recommendations of the American Society of Echocardiography were 
applied when recording all variables.7 The velocities of early (E) and 
late (A) diastolic transmitral flow, the E/A ratio and deceleration time 
of the E-wave were measured. Pulsed-wave Tissue Doppler Imaging 
(TDI) was performed on apical images. Peak systolic velocity (S`), 
peak early diastolic velocity (e`) was recorded. Pulsed Doppler and 
TDI data were combined to calculate the E/e` ratio.8
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Abstract

Objectives: Exercise training causes physiologic and morphologic cardiac adaptation 
including sinus bradycardia and increased LV mass. The aim of this study was to 
define the electrocardiographic and echocardiographic findings in football male 
players which could occur as a response to regular physical training.

Methods: The present cross-sectional study was conducted on 60 male football 
players who were recruited during pre-competition medical assessment. Standard 12-
lead resting electrocardiography and resting echocardiography were performed for all 
participants. 20 sex- and age-matched healthy persons were used as a control group.

Results: The mean age of athletes was 25.7±4.47 and the mean body surface area 
(BSA) was 1.865±0.1 m2. Athletes had significant lower resting heart rate in 
comparison with control participants (56.5±10 versus 63.5±7.3, p=0.002). 27(45%) 
athletes demonstrated sinus bradycardia. Twenty three (38.3%) athletes demonstrated 
ST-segment elevation predominantly in anterior leads (V1-V3). The frequency of 
ST elevation among athletes was significantly higher in comparison with control 
participants (p=<0.001). LV mass index were increased in athletes in comparison with 
control participants (108±14 versus 98.6±13.7g/m2, p=<0.05). In comparison with 
control subjects, athletes had higher trans-mitral E velocities (75±13 versus 68.4±11 
cm/s, p=<0.05), lower A velocities (39.7±6.8 versus 44±7.6 cm/s, p=<0.05), higher 
E/A ratio (1.9±0.43 versus 1.6±0.22 cm/s, p=<0.001), and higher tissue doppler early 
filling e′ velocities (14±1.9 versus 12.8±1.4 cm/s, p=<0.05).

Conclusion: In comparison with untrained participants, football athletes had lower 
resting heart rate, more frequent ST-segment elevation and greater LV mass and 
augmented LV filling. The systolic functions of LV remain within normal values.
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Statistical analysis

Categorical data were presented as numbers and percentages 
and quantitative data were expressed as mean±standard deviation. 
Differences between control and athletes were analyzed by the 
2-tailed student t test for unpaired observations. Chi square tests (X2) 
were used to analyze categorical variables. P value less than < 0.05 
was considered significant.

Results
Table 1 demonstrates characteristics and ECG findings of the 

studied players. The mean age of athletes was 25.7±4.47, and the 
mean BSA was 1.865±0.1 m2. Two (3.4%) players had prolonged 
PR interval, and 27 (45%) athletes demonstrated sinus bradycardia. 
None of the players demonstrated 2nd or 3rd degree atrioventricular 
block. Athletes had significant lower resting heart rate in comparison 
with control participants (56.5±10 versus 63.5±7.3, p=0.002). 
Twenty three (38.3%) athletes demonstrated ST-segment elevation 
predominantly in anterior leads (V1-V3). The frequency of ST 
elevation among athletes was significantly higher in comparison with 
control participants (p=<0.001). ST depression and T wave changes 
were present in 8 (13.3%) players in inferolateral leads. One (1.7%) 
player had left axis deviation. Twenty one (35%) players had the 
Sokolow-Lyon voltage criteria of LV hypertrophy and 9(15%) had LV 
hypertrophy by the Romhilt–Estes score. There were non-significant 
statistical differences between athletes and control participants in 
regard BSA, PR intervals, QRS duration, and QTc interval.

Table 1 Characteristic and electrocardiographic findings of football players

Athletes (N=60)

Age (ys) 25.9±4.6

BSA (m2) 1.85±0.1

Resting HR (bpm) 56.5±10

Sinus bradycardia (n. %) 27(45%)

PR interval (ms) 174±22.5

QRS duration (ms) 96±9.5

QTc (ms) 415±22

Left axis deviation (n. %) 1(1.7%)

LVH: Sokolow-Lyon criteria (n. %) 21(35%)

LVH: Romhilt–Estes score (n. %) 9(15%)

ST elevation (n. %) 23(38.3%)

ST depression, T wave changes (n. %) 8(13.3%)

Incomplete RBBB (n. %) 1(1.7%)

PR interval > 200 ms (n. %) 2(3.4%)

BSA, body surface area; HR, heart rate; QTc, corrected QT interval; LVH, left 
ventricular hypertrophy; RBBB, right bundle branch block

Variables are represented by mean±standard deviation or number and percent

Conventional echocardiography was performed on all groups. 
LV septal wall thickness was increased in comparison with control 
subjects (0.96±15 versus 0.83±14, p=<0.05). LV internal dimensions 
were increased in athletes in comparison with control participants; 
however, this difference did not reach a significant value. LV mass 
index was above normal value for male in 13 (21.6%) players. LV 

mass index were increased in athletes in comparison with control 
participants (108±14 versus 98.6±13.7 g/m2, p=<0.05). LV EF was at 
normal values in both groups and none of studied participants showed 
depressed systolic function or segmental wall motion abnormalities 
(Table 2). In comparison with control subjects, trans-mitral E velocity 
increased in athletes (75±13 versus 68.4±11 cm/s, p=<0.05), A wave 
reduced in athletes (39.7±6.8 versus 44±7.6 cm/s, p=<0.05) and E/A 
ratio increased in athletes (1.9±0.43 versus 1.6±0.22cm/s, p=<0.001). 
Athletes showed higher septal S′ in comparison with control 
participants (10.2±1.4 versus 9.3±1.1 cm/s, p=<0.05). The average 
e′ wave was significantly increased in athletes in comparison with 
control participants (14±1.9 versus 12.8±1.4 cm/s, p=<0.05). There 
was none significant difference two groups in regard E/e′ ratio (Table 
3)

Table 2 Two dimensional echocardiographic findings of studied groups

Control (N=20) Athletes (N=60)

IVSD (cm) 0.83±0.14 0.96± 0.15**

LVEDD (cm) 5±0.37 5.2±0.43

LVESD (cm) 3.4±0.3 3.3±0.32

LVEDV (ml) 123±22 124±21

LVESV (ml) 47.4±10.5 46.6±6.6

LVMI (g/m2) 98.6±13.7 108 ±14.8*

LVEF % 60.7±5.3 61.6±6.3

IVSD, interventricular septal thickness at end diastole; LVEDD, left ventricular 
end diastolic dimension; LVESD, left ventricular end systolic dimension; LVEDV, 
left ventricular end diastolic volume; LVESV, left ventricular end systolic 
volume; LVMI, left ventricular mass index; LVEF, left ventricular ejection fraction 
Variables are represented by mean±standard deviation, *P<0.05, **P<0.005

Table 3 Pulsed wave and tissue Doppler echocardiographic findings of studied 
groups

Control (N=20) Athletes (N=60)

E (cm/s) 68.4±11 75±13*

A (cm/s) 44±7.6 39.7±6.8*

E/A ratio 1.6±0.22 1.9±0.43**

DT (ms) 170±31 181±37

S′ septal (cm/s) 9.3±1.1 10.2±1.4*

S′ lateral (cm/s) 10.2±1.5 10.3±1.8

e′ septal (cm/s) 11.4±1.8 11.8±2

e′ lateral (cm/s) 14.2±2 16.4±2.7**

e′ average (cm/s) 12.8±1.4 14±1.9*

E/e′ ratio 5.4±1.1 5.2±0.8

E, early peak pulsed doppler velocity on mitral valve; A, late pulsed doppler 
velocity on mitral valve; DT, deceleration time; S′ septal, systolic tissue velocity 
of septal annulus; S′ lateral, systolic tissue velocity of lateral annulus; e′ septal, 
early tissue velocity of septal annulus; e′ lateral, early tissue velocity of lateral 
annulus; e′ average, average of septal and lateral early tissue velocities

Variables are represented by mean±standard deviation or number and 
percent.*P<0.05, **P<0.005
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Discussion
Exercise training causes physiologic and morphologic cardiac 

adaptation including sinus bradycardia, an increase in LV internal 
dimensions and increased LV mass.9 In the present study, athletes 
demonstrated lower heart rate than controls, and this often relates to 
an augmented vagal tone in well trained athletes. LV systolic functions 
were within normal limits or better in athletes in comparison with 
control participants. In addition, athletes had higher tissue Doppler 
mitral annular S’ velocities than control participants. These results 
strength the concept of LV hypertrophy which is associated with 
exercise training has no pathologic consideration.10 

ST elevation is one of electrocardiographic changes that is noted 
in athletes. The foremost writings on the subject define ST elevation 
as J-point elevation on the ECG of≥0.1 mV in two adjacent leads. 
In the present study, 38% of the participants showed ST elevation. 
ST elevation in athletes may occur as a consequence of physiological 
resetting of the balance between the sympathetic and parasympathetic 
tones, which regulates transmembrane ionic currents.11 In athletes, 
ST elevation seems to disappear when training declines and often 
changes with increasing heart rate, suggesting a mechanism that is 
vagally mediated or sensitive to heart rate.12 The findings of this study 
are in agreement with previous studies, which reported significant 
frequency of ST elevation in athletes13−14 Baek et al.15 found a 
significant relationship between the presence of ST elevation and 
increased vagal activity in patients without structural heart diseases.15 
Biasco et al.16 found a significant relation between ST elevation and 
LV hypertrophy in athletes and suggested a role of exercise-induced 
hypertrophy as the basis for ST elevation.16 Noteworthy et al.17 who 
reported that ST elevation was not related to LV voltage criteria on 
ECG, suggesting that ST elevation reflect an electric phenomenon. 
In the present study, 35% of athletes had the Sokolow-Lyon voltage 
criteria of LV hypertrophy and 15% had LV hypertrophy by the 
Romhilt–Estes score. LV mass index was above normal value for 
male in 13 (21.6%) players. According to these findings, an isolated 
QRS voltage is inadequate to diagnose LV hypertrophy in athletes. 
Similar results were reported by Crouse et al.18 QRS voltage should 
be associated with other ECG signs including left axis deviation, 
repolarization signs, atrial enlargement, or increased QRS width, 
to indicate LV hypertrophy, where, the athlete should get further 
assessment.19,20

In the present study, athletes demonstrated increased E/A ratio due 
to an increase of E velocity and decrease of a velocity. In addition, 
tissue Doppler e′ velocities were increased in athletes in comparison 
with control participants. Previous studies concerned with evaluation 
of LV diastolic function among athletes. Pluim et al.21 reported that the 
E/A was either normal or slightly, but not significantly, enhanced in 
athletes compared to controls. Kneffel et al.22 reported the enhanced 
E/A in athletes as being related to a diminished resting heart rate. 
Likewise, Baldi et al.23 and Zoncu et al.24 reported increased e’ 
tissue velocities in trained athletes compared to controls. Similarly, 
Poh et al.25 reported higher e’ in elite speeds katers in response to 
intensive physical training. Vinereanu et al.26 reported enhancement 
of LV diastolic function in endurance-trained compared with strength 
trained athletes. The normal or increased values of indices of LV 
filling differentiate athletic heart from other pathologic hypertrophy 
likes hypertrophic cardiomyopathy.

Conclusion
In comparison with untrained participants, football athletes had 

lower resting heart rate, greater LV mass, more frequent ST-segment 

elevation and augmented LV filling. The systolic functions of LV 
remain within normal values.
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